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REACTOR SYSTEM AND 



tool i„ both re9eatch -nd d « i. . u . eful 

Short synthetic polynucleotide. , "° lecul « Molo^. 

ft0 " •"-ter .events h~ ing 0 " r "" J* «"'^cted 

- u.. d „ stnictural ' £ eohe. ive end . 

Promoters, terminator, or,.-.* 9 ° M * uch 

i- thus or gr e.t interest to pr^H' ^ U *- '* 
tic technic*, for prod!ci„! J "lenient .utom.. 

- hi 9h y iel d. si 1 *-*- 

PK... .«».«.« „ .™ M - ««« on . ..„„. 
«ovi„, .„. eB "'"° n " «»>»«<a..tid.. „ . 

«M null, provide. .My .„.,,„ , *• " "«<"U 

ta — — — - SST"^ 
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.ynthe.i. 

lected 



Second, the .ynthe.i. chemi.try nu , t be ... 
There are presently two chemistries in wide- 
spread use for .ut 0 m.ted polynucleotide .ynthe.i.. The 
trie.ter method. a. de.cribed by C.tlin end Cramer <m3> 
° r «- Chem - "'245-250 and Itakur. et al . (1973) c !' ' 
J. Che.. 5! : 3649-3651. relie. on the addition of u^bly 
blocked pho.phate-trie.ter intermediate, which are 9 eT 
erally inexpen.ive and -table. The pho.phite-trie.teT 
method ... de.cribed by r.et.inger and Lun.ford <19 5 
J. Air. Chem. Soc. 98:3655. i. .omewhat more complex 
but generally provide, higher yield, th.n the pho.ph.te. 

me h"d " ethed - Ut4Uty ° f ^ 

method w.. 9re .tly i„ pr0 ved by the use of H.N-di.l J! 

«.ino phosphite, (amidite., which are more .table thin 

the pho.phoro-chlorodit. intermediate, initial" J " 

r tion. the 

for automated polynucleotide eynthe.is. 

The third choice which mu.t be made i. the 
..lection of . reactor .y.tem. Heretofore, aolid-ll. 

tight bed column. (2 , . : „ J • 

r:;; d .? ti9ht » ^ 

the solid-phase support and the reactant. ... , . 
either in . . lBg4 , by . « £~ 

Generally, .uch tight packed column, inhibit tne".". 
transfer of reagent, and the re.ulting .low dUf u .i e " 
r.te. for th. reactant. into the support increa^ ^ 
necessary reaction time and/or decrH.e \j« " " < 

column packing which aggravate, the .... tr^ £ pr "' 
lea. ju.t dl.eua.ed. ««w«r prob- 
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To partially alleviate theae problem*, loose 
bed columns (containing a much higher void volume than 
the tight bed columns) have been introduced. By slowly 
passing the reactant through the column, higher mass 
transfer rates are achieved and utilization of the ex- 
pensive reactants is improved. Also, channeling is 
reduced since the solid phase packing will shift to 
equalize the flow profile therethrough. Although an 
improvement, the resulting mass transfer is still limited 
by the lac* of agitation within the reactor. Moreover, 
the shifting of the solid phase can generate very fine 
particles which can plug the frits used to contain the 
solid phase within the reactor. This problem is also 
experienced by the tight bed columns, although to a 
lesser extent. 

In a batch reactor, the support matrix is 
held in an enclosed vessel. Reactants are introduced 
and the vessel contents agitated, typically by bubbling 
an inert g*s through the liquid in the reactor. While 
such a system can provide very efficient utilization of 
the reactants (by Increasing the retention time in the 
reactor), relatively large volumes of the reactant and 
solvents are necessary to fill the reactor. Moreover, 
the mixing in the batch system * typically not complete, 
and the solid-phase support is otcen deposited on the 
vessel wall above the reagent level so that it is no 
longer exposed to the incoming reagents. 

In addition to the above limitations, all 
three of the reactor systems just described suffer from 
bubble formation on the solid-phase substrate which 
inhibits the reactions and causes lower yields. The 
bubble formation is caused by certain solvents (in par- 
ticular the methylene dichloride) which de-gas on the 
solid-phase substrate. 

In view of the above, it would be desirable 
to provide a system and method for polynucleotide syn- 
thesis which would avoid or reduce the shortcomings of 
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the .prior . rt 6y8tCB<s -(uJ 

tion of proce.. reactant. with , e " lt:ient ^Uiz.. 
tion ti.es rer each r.. c an " 1 ««v.ly Rhort ret „. 
be desirable to provil. . '""-IT. it vo„l d 

"ixino of re.ctant. to increase l^ Tt/l' 0 '" 
and which ren, in . free fron plu ,£" M " *f rate 
would be desirable to provide . M * Ul ° n *»Y. it 

in« a plurality of individual reactor 0 ^ 8 y ! tem e °^ rl - 
*Uov the si mult aneou. aynthe.i. 0 a 1^" ^ 
nucleotide. havin, different nucl..^ 1 ."^; 

Methods and apparatus for the 
Phase svnthe.i. of polynucleotide, are / "^ "° lid * 
U.S. Patent No. 4 373 n„ , , " dea «ibed in 

«.»".Mi to Bendi ; U.S. 

.X10144..,, and in Mvirado"^^" APPllC ^« 
Science 214 : 270 . 274 . A||tOMt £ ™£« Clt.l, 

of poly nucleotlde8 are -v-11 ^"7 £ " th. synthe- 
San *afael. California; Bio Lo" Bi0 " arCh ' 
Applied Biosy.tems. Fd8ter clt ! T ° ront0 ' 
20 ^oratories. ;„ c cl^ ^ B ^e„d. 

™e.e .y. tem . and other. ^e-I iy ^r^' " arVl ^' 
technique, de.cribed ahove * °" ^ '™*e.i. 



method and 

»eric molecule attached to . di«~ * * ^ 
Port. exe.npiifu,- by £ \"' P f " d /°"<-Ph..e «P- 
nucleotide. i„ . predeu™in d er e r to lndlVldUal 
chain. The di.per.ed .olid J„I i\ " nUCl «°"<« 
reactor zone which i. provide, WltMn • 
30 port, for the introduction and t T ''"^ tW ° 
Re.,ent. .electivelv L? ^ of 
through .t l.„ t ^i'* 1 . 1 !*" - t0 th « "«tor ,on. 

After . pr.det.™ine d M P0 ' tB * ' 

•o-etermined . Bount 0 f reaeent ha. 
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been introduced, the reactor zone i. Uol.ted from the 
reagent manifold .nd the reagent agitated within the 
zone by inducing a rever.in, flow of the r , 
the two access porta. 

The .ubject method and system provide highly 
efficient re.ctant utilization with relatively .hort 
retention time when compared with the reactor, of the 
Prior art. in particular, by providing . relatively 
loose packed column, efficient agitation of the solid- 
Phase support is achieved without channeling and inhibi- 
tion of mas. transfer. Moreover, the reversing flow of 
reactants and wash solution, help prevent plugging of 
the acce 3B port, of the reactor zone. By manifolding . 

Plurality of reaction zone, to a common rr.gent ma^L^ 
two or more polynucleotides having differing' J "' 

-y be simultaneously synthesized, such simulta^eou. 

synthesis can increase the number of polynucleotide. 

synthesized many-fold while retiring only . fract " 

increase in the overall synthesis time. fraCtlon «i 

The invention will now be described by way 

:i zz:- wlth re£erence to th * ^-i„g. 

Figure 1 is a schematic representation of the 
reactor system of the present invention including the 

ITJZllT rea, ° nt deUVery 8P atUa Whe " N0 *«"«te. 
• normally open port. NC Indicate, a normally closed 

port, and C indicates a common port, and 

Figure 2 illustrates a modification of the 
reactor system of Figure 1. which modification provide, 
for . pluraiity of reactor zone, connected to the 
reagent delivery apparatus. w here so indicates a no^n y 
open port. NC indicate, a normally closed port, and C 
indicates a cownon port. 

>«A »k ^ rCaCt ° r Cy " te,n lnclud *"« both the reactor 
end the reagent delivery appar.tu. of the pre.ent Invention 
is broadly applicable to a wide variety of chemical 
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synthe.i. ,„ d degradation technique, which r. ... 

modification of a lin.., h re " ult in 

»n or a linear polygene molecule att-rh... . 

* disper.ed .olid pha.e .ub.tr.te or .oppo^t T 

tor sy.tem can be u.ed with a wide vJ ! r " C " 
I chemical methodolo,ie. w ere \ ^ ^J.l ' °' ^ 

»e,ic molecule to th. .o^Zl l It TrZ ^mtT" 
separation of the molecule fro« liquid oh, f * eil4t,tM 
Thu.. the reactor .y.tem win finl^ "««a„t.. 
.te P vi, e reaction. l ieh * 
•eparation of a polymeric .Heri-Hc^ri.? "'"^ 
ity of unit, in predetermined order fro,, 09 - 4 PlUfal * 
".ctant.. IB partlcular . the - ^Z IT* « 

».. xn the atepwiae formation or deoradal oTof „ 
polymeric material., .uch a. protein. 

•nd polynucleotide, e a .i*k ? (poly(araino -eid.)) 
tide.,, ith " pol y<^yribonucleo- 

i.e DMA, or polyribonucleotide. > , i. e 

vatxve. thereof. substituted ba.e. Ch^'J ' ^ 

"eric chain. . r . attached to an in.oluMe T P ° lf ' 

•clid-pha.. , upport . The de.l^ oJ h " re ° PlC 

•yten. 1. .uch that with mlno Idlfication'rt ' 

■Pl-in.. (arrangement, of tubino a ^ " v " . ^anT d 

Ju.tment. to the control element., several" 

^ fitted to th. re.,ent delivery , 1 / C ' n 

prov. pe ..ibl. to purify oliqomer. while tJ v V" 
bound to . .olid-pha.e aupport mi. """^ 
.-v.„ta 9 . of chemical -1^^.™^^' IT ^ 
Product and -failure", i.e.. abortive 
««uence. (..,. ^ pre>ence " 

9roup i„ the P re.ent embodiment of ol 1 <,lmeth °^ i ^ 
the.i.). ° £ oli 9onucleotide .yn- 
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The remainder of thl. description via ^ 
directed primarily to the .ynthe.i. of polynucleotide, 
but it will be appreciated by tho.e .* U led i„ uj ! 
that th. re.ctov system would require only minor BOdifi . 
> cation for u.e in protein .ynthe.i.. protein sequencing 

e ; el Zl ' V r the,e ,yi,these ' and 

•re wen taown. Exemplary reference, include: E<S »«n 
•nd Hen.chen (1975, Protein Sequence Determine,,,,. 
Sprxnger-Verlag. Berlin, p. 232; stewaT^ 7Z 

6S:«0 F " nCi ' C0! aM ™ * Method. Enzyol. 

The reactor system of the present invention 
composes one or more reactor zone, which are connected 
to a reaqent manifold capable of selectively delivering 
th. r W „t- „.«...„, for a particular reactlo lo 
each reactor zone. The reactor zone, each include at 
ea.t two access port, havinq porous barrier, to contain 
the dx.per.ed solid-phase support material, and rel^. 
-.y be delivered to the reactor zone through eith er 0 T 
both or the barrier.. Mean, are provided or .^atin, 
th. reactor zone, from the reaqent manifold and f ^ 
inducing . rever . in< , flow of £ 

to r zone., typically by app, pre „ ure ^ZjZy 

at each acce.. port. The oscillating or reversing « 
provide. a thorouqh yet qentle agitation of \' 
.oUd- P ha.e support and the reactant. d »P«.ed 

Conveniently, each reactor zone compri.e. an 
elonq.te tube or column which i. open at each e"d Th. 
cros.-.ection of the reactor w iU U8Ually J"" 
although Chi. i. not nece.o.ry. and th. 
th. reactor are not critical. Mo.t often, it win h. 
de.irable to minimize the volume of the reactor to re. 
duce th. usage of reagent., which reagent, can be very 
pensive. The reactor i. .iw.y, kept totally ^ 
liquid reaqent during agitation; the cro..-se«ional 
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area should not affect flow properties. Al.o u« 
cross-.ectional are. of the tube or column .hould not 
be o large that plug flow of react . nt> und 

'I 18 Pre : ent<<1 - Convenient!,. u,e reactor column 
-il have an in.id. diameter in the range from about 
0.1 to 1.0cm. u.ually from about 0.1 to 0 Sen The 
length of the reactor column can vary even more widely 
-.«. y teing at lea.t 1.0cm with no upper limit. . oe 
usually bexng about from 1.0cm to 25c». For the .J^L 
.x. of polynucleotide., a reactor having . len^.T 
5cm and an internal diameter of 0.3cm (with . re.ultlna 
volume of , 00 pl, ha. been found suitable. For p i ^ 
./nthe.,.. the reactor dimension. w 1U generally", 
greater, u.ually being SOOwl or larger. The reactor 
.tmetur.l material is not critical. w ith gla88 . £in- 
le.. steel or other inert material, being suitable 

The re.ctor column i, enclosed at either 'end 

•te.l frit.. The pore, in the barrier, mu.t be , tt m 

ciently fine to retain the dispersed solid !„ 

within the reactor, yet be .uf ent * e I! 

introduction and removal of liguid pha.V e I t \Z 

out exces.xve prea.ure requirement., ror a IT' T 

.olld-pha.e having particle dimen.ion. n 

from S to 200 M «, suitable Tef n* or stalm 

-.teri.l. for the barrier, are av.il abl r 
ah m~+i~ B available from Omnifit 

Atlantic Beach. N.y. ; howeverf (poro.ity c 
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out of their pores, be chemically inert, be ainlaally 
affected by reagents and solvents, and allow derivatiza* 
tion, attachment and removal of the polymeric material 
of interest. Preferred solid-phase materials include 
polystyrene derivatives, controlled pore glass, aluminum 
oxide beads, and silica beads. Particularly preferred 
is long chain alkyl amine control Pore Glass (LCAA-CFG) 
available from Pierce Chemical, which may be derivatized 
by coupling deoxynucleoside 3 ' -O-succinic acid deriva- 
tives to the glass beads. Such nucleoside-derivatized 
LCAA-CPG is available from American Bionuclear, Emery- 
ville, CA. The size of the solid-phase beads may vary 
from about 5 to 200pm, with beads of size range 100- 
180mm being preferred. 

In order to enhance mixing and mass transfer 
within the reactor column, it is desirable that the 
solid-phase support material be loosely packed. By 
loosely packed, it is meant simply that the solid-phase 
beads will be a slurry or suspension, not to exceed 50% 
w/v, able to shift positions under the influence of the 
reversing flow of reagent and wash solutions. During 
the oscillatory or reversed flow action, mentioned above 
and described in detail below, the solid-phase support 
will successively and repeate / undergo transitions 
from a loosely packed column (upward flow) to a more 
tightly packed column (upward flow) to an agitated sua- 
pennion or slurry (w/v i 50%) to a loosely packed column 
(downward flow) to a mor* tightly packnd column (down- 
w*r4 flow) and the reverse. Thus, the present invention 
provides aspects and advantages, without the shortcomings, 
of both a loose bed and tight bed column, and batch 
reactor simultaneously. 

Referring now to Fig. 1, a particular single 
reactor system employing the present invention for the 
synthesis of polynucleotides will be described. The 
system employs the deoxynucieotide phosphoramidite 
method first described by Beaucage and Caruthers (1981) 
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Tet - 22:1859-1862 Aim . 

-"•"Uy refer, to the P ho P ^ 
— - herein it „ Ul be u L r 1*"'"°" « 

or pho.phat.-contaln ^ - .!«-, pho.. 

" * variation of the Phe.pMte- r este ^ ™ B 
herexnbefore. with suitable modif ""^ 
•me» of the present invention ha. " 10 "' 
to the Phosphate-trie-ter metho* ' I 
-dified to accept virtually . ny o h C ° Uld * 
nucleotide „ y „the.i. metno / ""d-pha.e poly. 

" i« - glaa. tube havino an i„L ""^ coiu »n 

• length of s.ocm, re 8 u lt „! f dlameter °< 
>«H.l. «... f rit . (po ro y J - ~ -l- of 
-t each end to provide porou. barrie " "* m ' ch «< 
* on and removal of r . Jj" ba " 18 " th. introduc- 
ed. anta ' M o other port, are p ro - 

The reactor column i 2 i. 
".gent manifold 14 by .„ lBOl " " e P«"ted from the 
J" inert manifold'* . £ " 0 ValV « 16 - 
«'-t i-ol.tlon valve i. i. con ! \ " V ° lve 18 ' The 
» by . conduit a., while he .""T, t0 POr - b -"ier 
1. connected to porou. barrier 22h ° latl ° n V * iv « 18 
«nduit. 26 . 28 flexi a b r i rlar " bv • conduit ^ 
-teri.!. . uen Teflon % ibl ; -iJJ formed f rem an ^ 
the tuMng will depend fl ^e diameter of 

•* reagent, being tr.n.ferred "!* t0r Volu «* and volu- 
«^r. i„ the range freB ™- Cen eraUyf ^ ^ 

rot re..o„. tnat wiu £ 5 » w i« be .ulubl.. 
it i. de.irable that the cond t . 2fi 
•«r,e volu^ intermediate th , ^ M • 
«- the reactor column 12 ^ " lM M . „ 

of the reactor coluffln i"«t equal to the volume 

" volu,. e « be provided by cou?^ «"* •«* 

the tubing of conduit. 26 an 7 * P ' ed «termined length 
- - « - reactor column^V^uld^^ • 
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beyond the barriers 20. 22 to provide the nece.a.ry 
Mditional volume. 

The Isolation valves 16 and 18 are three-way. 
two-pooition automatic valve*, typically adenoid-op- ' 
erated valves. The first isolation valve 16 is con- 
nected at the common port to conduit 26. as just de- 
scribed. The normally open port of valve 16 is con- 
nected to the reagent manifold 14 by a conduit 17, and 
the normally closed port is connected to a lower waste 
discharge line 44. The second isolation valve 18 is 
similarly connected at the common port to conduit 28 
and at the normally open port to the upper waste dis- 
charge line 45. The normally closed port of valve 18 
is connected to the inert gas manifold 40a. 

The waste valve 29 is also a three-way, two- 
position automatic valve and ha« common and normally 
open porta connected to the reagent manifold 14 and 
conduit 17. respectively. The normally closed port is 
directed through conduit 30 to a drain or waste reser- 
voir (not nhown). m the dn-«ner,ized position, reagent 
manifold 14 is connected to the reactor column 12 through 
conduit. 17, 26 and valve 16. In the energized position, 
the reagent manifold 14 is open to conduit 30. the 
vent/waste port. 

The reagent manifoK .4 connects a number of 
reagent and wash solution supply reservoirs 32 to the 
reactor column 12 through valve. 16 and 29. Cener.lly 
the supply reservoir. 32 are connected to the reagent ' 
manifold 14 in pair, comprising one reagent and one 
wash solution. For example, re.ervoir 32a hold, dry 
-cetonitrile wash solution which is connected in parallel 
with a number of the reagent., including the N,N-di- 
methylamlnophoaphoramidltes corresponding to the four 
nucleotide bases, where THY is thymine, AON i. adenine. 
CVT i. cytosine, and CUA is guanine (re.ervoir. 32b c 
e. and f, re.pectively ) and tetra*ole (TET, reservoir ' 
32d). others of the regents are individually paired 
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with w.,h •olutlon. a. required. Dlchloroaeetic 
«eid/m«th>. dichloride (DCA/MDC. re.ervoir ^ 2 g) i. 
paired with a v Jk solution of methylene dichloride 
(MDC. re.ervoir 32h>. and iodine in lutidine/tetrahydro- 
furan/w.ter ( I 2 /LUT/THF/H 2 0. re.ervoir 32k) i. paired 

with a wa.h .olution of lutidine/tetrahydrofuran/water 
(UJT/THF/WjO. re.ervoir 324). 

Although the reagent, indicated above and 
elsewhere herein exemplify the preferred embodiment of 
the present invention, it will be recognized by tho.e 
skilled in the art that a variety of alternative. may 
be employed, e.g.. 2-methylimidazole may replace di- 
methylaminopyndine ( DMAP ) , collidine or pyridine may 
substitute for LUT. acetonitrile or dioxane for TKF 
trichloroacetic acid (TCA ) or zinc bromide for DCA ' 
nitromethane or chloroform for MDC, t-butylhydroperoxide 
or hydrogen peroxide for I 2 , etc. 

Each of the reagent/wash solution pair. i. 
connected to the reagent manifold 14 at a single entry 
point. It i. preferred to make the connection with a 
pair of valve, in .erie.. Referring, for example, to 
the connection of re.ervoir. 32a and 32b. a fir.t two- 
w.y valve with common port 34b i. connected in the re- 
cent manifold 14. while a three-w.y valve 36b receive, 
the protected nucleotide cthj- dine) through a normally 
clo.ed port and the acetonitrne wa.h .olution through 
•normally open port. The three-w.y valve ha. two po.i- 
tion. and act. a. . .elector in directing either the 
protected nucleotide or the wa.h .olution to the fir.t 
valve 34b. Valve. 34 have two port, that are alw.y. 
open and in common with the reagent manifold 14. and 
one normally clo.ed poaition such that when th. v.lv. 
i. energized, it direct, the flow of either the pro- 
tected thymidine or the w.. h 8olutlon to tne re-gent 
manifold 14. Although v.lve 34 will not bloc* the flow 
of reagent, to or from up.tream (more remote from the 
reactor 12) when it i. opened to flow from valve 36. 
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thx3 present* no oper«ti««-i ^ w, 

•ynthetie steps bv w«s ^u<jniy washed between 

te t" °r waah acetonitrn. . _ 

conunon port valves 36 and 34 „ Y *" d tw °- w «y 

» >. «., M . «1 

v-lves, the use of a pair of 1. thre «-PO»ition 

certain aavanta g e r H^'l " 
or wash solution ia 1( .„ J".*' J""** °< th « "aaent 

™- i- •» -anta g e ^ ^e. 
t-xn or the reaoents. if introduced at th""' 8 °' 
dUr1 " 9 '^thesis, win destroy l ablle ^ tilBe 

the product and halt the synthe.xs 

"«h solution, are directed thro I °" d ' " lnce th « 

«- active reacts, the 1 ^ I^thT 

between and in the valv „ , ~ *J «. -k^ C o ntl uit 

tl0n ' Thu " if • small a* nt * WMh 

-cro.s the fi r . t valve 34 the w. k OCCU " 
«"y not harmful to the synth.J. m 1Utl ° n " 
•olution. from the comm 0 „ A1 "°' le «^9e of 

Wvh 36 int?th:Te 8 erv r o n ° rmaUy ^ 
«- loss of stored *™Z ^ -J" ^ *» 
be wash solutions which are miscibiVanV^ 1 * 1 

The flow of reaaent -T "<>"- "active, 

the reactor system 1. initiated b V" h 8 ° 1Utl ° n8 
*«h of the reservoir, a,"" a I "T^*" 10 " 




0130739 



10 



IS 



20 



25 



14 



30 



35 



2ii P"..ure regulator 39b (Omnifit, • con.tant po . Uiv . 
• r.«ur,. typically from . bo «t 15 to „p.i,. to acn 0 f 
the reservoir.. The premutation of „ch reservoir 
individually controlled by tw 0 -w ay valves „ v ^ 
-l 8 o isolate one reservoir from another. Thl. i. nece- . 

high to cause both unwanted chemical reaction, to occur 
in the heKum manifold 40b and contamination, and poten- 
ti.Uy inactivation. of the reagent solutions. „ e u«» 
-uppiy une 40. in addition to being, connected through 
helium manifold 40b to each of the reservoir. 32 i. 
also directed via pressure regulator 39a to helium m.ni 
rold 40. which similarly provide. . constant o.Itlv. 
pre.. ure . but typically of ,. I5p . lg . Helium > 
40. i. connected through a blocking valve 43 to the end 

fold 14 and v.lv*. 29 and 16 . — 

.rt that J* ^ BVl<>€nt t0 th °" e akin <* L» th. 

«t th.t the u.e of a . ingle , common, inert ga. nwJ, 

pressure to both reagent reaer-sir. 32 and t-K- 
» >oth v. 1V e 13 .„d re., nt '.n"^. 

29, 16) 1. .„ .iternative to the above preferred J 
However, in th. pre . e nt preferred embodLenTof th \ 
invention, th. u.. of .. p . r . te Mim J££ £ 
b „ t . ln ed at different pressure. (5 . 15 J," - 
15-25 P .ig. respectively,, accelerate. delivery of re 
•oent. fro. th. re.ervoir. 32 to th. reactor u 

AH v.lve. in th. .y tteni are capable ; 
-.tic actuation, typically being solenoid or other el.c- ' 
tricaUy-oper.ted v.lve.. i n thl , wav Wr elee " 

ie ot „ -«uential actuation of th. v« lve . 
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in a predetermined order. In order to reduee the total 
v.lume of reagent, u.ed by the .y.tem. avoid entrapment 
or reagents within the valve, and minimize the cycling 
time between nucleotide addition., it i. desirable that 
5 the valve, have a low internal volume and a short actua- 
tion time. "Series 2" and "Series 3" solenoid valve, 
available from Cener-1 Valve Corporation. Fairfield 
New Jersey are suitable for the sy.tem of the specific 
embodiment. P«inc 

0 In operation, the reactor column 12 is fir.t 

removed from the system 10 and loaded with a suitable 
solid-phase support which ha. previously been derivatized 
with a de.ired nucleo.ide. Such derivatized supports 
-nay bn obtained commercially f rom VBndor- . uch 

:;:: s ' inc " roster city< ^il 

micals. Tucson. Arizona: American Bionuclear. Emeryville 
California; and others. ^me. 

After reconnecting the reactor column 12 to 
the conduits 26 and 28. the reactor system win be 
flushed with a wash solution, typically acetonitrile 
The reactor system is then ready for the addition 

b™ :V° the eupP ° rt - The procedu " 

flu/! 9enera1 ' ^ * ° CedUre of 

with the de.ired P^ra^ 
unreacted hydroxyl group, with acetic anhydrid^d 
dinjethylaminopyridine. and (4) oxidation I Jt \ 
to the phosphate with At £% ll^XZ^ 

. gucnce . synthe.ized. th« resulting polynucleot " 

to assure that the proper .uL^"tJlSr 
of th. * m ° re det-iled deSCri » 5tion the operation 
mad. in reference to th. timing chart shown in T-bl. ]. 
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The first step in each successive addition of a nucleo- 
tide is the removal of the dimethoxytrityl <dl- E -anisyl- 
piienylmethyl) blocking group present on the S'-hydroxyl 
of the last nucleotide added to the chain. The step 
referred to a. detrltylation. i. accomplished by intro- 
ducm, a mixture of dichloro.cetic acid (DCA) .nd methyl- 
ene dichloride (MDC ) from reservoir 32g. The DCA/MDC 
is introduced through valves 34g/h. 36g/h as described 
previously. Sufficient reagent is introduced so that 
conduit 26 and reactor 12 are filled, with conduit 28 
remaining substantially empty. This filling can be 
accomplished by opening valves 34g/h and 36g/h for a 
measured period of time, typically 5 to 7 seconds. 

After filling, the valves 16. 43 and then 18 
are alternately actuated so that helium pressure 
(5-lSpttig) f rom helium m.inifold 40a i., applied in turn 
to each end of the reactor column 12. With a column 
volume of 300pl and helium pressure at lOpsig. a fre- 
quency in the range of from about 1 to 10Hz. usually 
about 1 to 5Hz. is suitable to provide efficient mixing 
of the solid and liquid phases as a suspension or slurry 
Agitation can be continued as long a. desired; usually 
any helium bubble, that adhere to the solid-pha.e support 

nhax„n off after about 5-,n seconds. This is n.«s- 
s-ry since gas bubbles adher. , to the solid-phase oup. 
port would interfere. with the reaction, taking P u*. . t 
or near th« support *urr., c *. For d>Uityution. agita- 
tion is continued for approximately 60 necondo, after 
which time the column 12 is drained through the upper 
waste line 45. The d^trityiation step i. then repeated 
with fresh DCA/MDC two timer, for a total of three rep- 
tition*. 

After detritylfltion. the reactor column 12 Is 
washed twice with methylene dichloride (MDC). The 
methylene dichloride is introduced through the column 
through the same valves 34g/h, 36g/h as the DCA/MDC. 
in this way. complete washing of the valves 34,/h. 36g/h 
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••""•» 14 through . valve 34 ln a tr0dU " d ^° reagent 

in the mani „, ld u 6 J 4 ' - —U portion may 
»'«ence to the reactor ^ ^ »• -1th 

column of hel lum aaB in mafU due ^.^'-ion of the 
" U ' hed th «»«h reagent ffianlf f 0 ° ' ! t h °-». it can be 
^-rge line .4 by activation of ' ° ^ «- 
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-1th dry aceton itri e ^ 
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r " 9ent i8 «»t routed throu gh \ h P ° rti ° n °< 
P"-r to being diverted v «t/waste p ort 30 

"•t contaminant. in the Thls «««.. 

reach the rea-tor. The wa. t ! . """^ 14 do "t 
throughout th. e dl »charge n n - <- 

derate hybridation preDea the Whe.i. of de- 
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32a. The acetonitrile will be introduced through valve. 
34d. 36d and the valve. 34, 36 associated with the reser- 
voir 32b. 32c. 32e or 32f from which the nucleotide 
anudite was just introduced. The manifold 14 and reactor 
12 are then exposed to wash acetonitrile from reservoir 
32m. 

Before proceeding with oxidation of the phoe- 
pMte to the phosphate, the unreacted nucleotide chain 
with a terminal phosphate remaining from the previous 
cycle is capped using dimethylaminopyridine (DMAP) from 
reservoir 32i and acetic anhydride (Ac 2 0) from reservoir 
321. The capping reaction, which terminates and thus 
effectively removes undesired. abortive reaction prod- 
ucts, is performed twice for 4S seconds. The column it 
then washed twice for IS seconds with wash acetonitrile 
from reservoir 32m directed through valves 34, 36 asso- 
ciated with each reservoir 321 and 32J. a second wash- 
ing step with LUT/THF/HjO from reservoir 324 is performed 
for 20 seconds. 

The oxidation of the phosphite to phosphate 
i» then performed using iodine in LUT/THF/U,0 from reser- 
voir 32k. The oxidation requires only one repetition 
of 20 second., and is followed by three wash cycles (20 
■econds each) with WT/THF/HjO from reservoir 321. 

Prior to beginning the ;xt nucleotide addi- 
tion cycle, the column is washed with wash acetonitrile 
(reservoir 32m) three times (15 seconds each). The 
•tep. 1-14 (Table 1, require a cycle time of approxi- 
mately 12 minutes, 25 seconds, and will be repeated for 
each nucleotide which is added to the nucleotide chain. 

At the end of the synthesis, the solid-phase 
support is removed from the reactor column 12 and the 
polynucleotide may be recovered by conventional tech- 
niques. For example, the covalent link between the 
polynucleotide and the support may be hydrolywd with 
ammonia at room temperature. After separating the sup- 
port by filtration or centrlfugation. the filtrate may 
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be further deblocked at el. v. ted temperature. A 8ub . e . 
quent acid depletion of the 5 • -dimethoxytrityl aroup 
may or may not be durable at this point. The poly, 
nucleotide may then be purified by high-performance 
liquid chromatography or by electrophoresis on polyacrvl 
amide gels. *r«cryi- 

The reactor system just described car. be modi- 
fied to include a plurality of reactor rones. Aa iUu . 
Uated in Pig. 2 . f 0ur reactor columns „.. lM . e ^" 
nected in parallel in a manner that win now 
scribed, it win be understood, however, that the men- 
"« of connecting the reactor columns will be sui ab e 
for any number of columns from two upward. 

In constructing a multiple column reactor 
system according to the present invention, the reaoent 
.anifo d may remain essentially unchanged from 
with the exception that isolation valves u and ,« L 
v,lve „ win be removed and r i / ^ 
the manifold C y Stem illustrated in Fie 2 r ! < 
which /x tend. from a common port .V^v ^ 
nected to a polity of fi„t isolation 
The first isolation valves 50 „. two two 

valves with common ports of the ^ P°«itlon 
— -l. poets or the type previously a». 

(C) port, in „ r ,„ t0 , Um , , * "»» 

— » .„ „„„, „ conduu f £ *™. r u,h 

port «*« t„ tn. no „, lly two-. ' " 

will now be described. * d * a " 

two pooition. thr,.-.., va lv„ wher. .„ "* 

r co„„«t, d to t L r .:: uotL 1 \:; v T;r.;r" 

«. "»»n po„ x. connect., to -.„. „, m 
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valve 54 (s-e below) and ccnduit 26. Thug, by selec- 
tively actuating individual ones of the first inolation 
valves 50. a predetermined reagent or wash solution 
from the reagent manifold will be selectively directed 
to a particular reactor column 12a. b. c or d. 

The construction of the reactor columns 12 
and connecting conduits 26 and 28 is as described pre- 
viously for the single reactor system. Additional iso- 
lation valves S4 and 56 are connected to each of the 
conduits 26 and 28. respectively. The isolation valves 
54 and 56 are also three-way, two position valves of 
the type described previously for the single reactor 
syotem and are necessary to provide for alternate pres- 
sutization of each side of the reactor column, as will 
be described in more detail below. The normally open 
port of each valve 54 is connected to the common port 
of the associated valve 52. while the common port of 
valve 54 is connected to conduit 26 and the normally 
closed port directed to lower waste discharge line 44. 
for valve 56. the common port is connected to conduit 
28. while thr normally closed port is connected to the 
heliu« maM.'old 40a (5-15psig) and the normally open 
port is directed to upper wa.te discharge line 45. 
When reagent, are being fed to any one of the reactors 
12. the valve 50 will be energi, to open the nonnaHy 
closed port defining a flow path from valve 50 to con- 
duit 26. Valve 56 will be in it. de-energized po.itlon 
sllowin, the reactor 12 to vent through the normally 
ope.n port a. the reactor i. filled with the reagent. 

When it i. desired to pressurize the reactor 
12 in order to initiate a reversing flow of reagent., 
the second l.clation valve 52 will be energized to close 
it. normally open port and block incoming reagent from 
conduit 17. The associated first isolation valve 50 
will be de-energized to block the flow of reagents to 
valve 52 (and unblock conduit 17 so that downstream 
reactors may be charged with reactants). In this way, 
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The operation of the multiple-reactor system 
is essentially the same as that described previously 
for the single reactor system, with the exception that 
each reactor 12 will be filled sequentially with the 
desired wash solution or reagent. Since the reactions 
are being carried out in parallel, the necessary wash 
reagents will usually be identical in each reactor col- 
umn 12 at each process step. The phosphoramidites will, 
however, vary as necessitated by the particular sequence 
of the polynucleotides being synthesized in each reactor 
column 12. After charging each reactor column 12 with 
a suitable derivatized support, as described previously, 
the columns will be flushed with a wash solution, typi- 
cally acetonitrile. To do so, the dry acetonitrile in 
reservoir 32a is fed into the reagent manifold 14 
through, e.g., valve pairs 34b and 36b. Prior to the 
use of dry acetonitrile (reservoir 32a) only, the helium 
manifold 40a is briefly purged of resident vapor by 
energrzing normally closed, two-way valve 41 connected 
to conduit 43, the vent port. The acetonitrile is first 
fed into reactor column 12a by actuating valve 50a. 
The valves S2a, 54a and 56a are in their de-energized 
positions so that the acetonitrile will flow through 
the conduit 26a into column 12a. The flow of acetoni- 
trile is stopped after filling c 1uit 28a. After the 
filling is stopped (by de-energizing valve 50a), valve 
52a is energized to apply helium pressure onto the nor- 
mally open port of valve 54a. Valves 56a and 54a remain 
de-energized, and agitation of the acetonitrile is com- 
menced. Such energization applies the helium pressure 
(5-lSpsig) in manifold 40a onto the acetonitrile, forc- 
ing the charge of acetonitrile from the conduit 26a 
through the reactor column 12a and into the conduit 
28a. After a brief time, typically 0.5 to 1 second, 
valve 56a is energized to close the normally open port 
and open the normally closed port to helium pressure 
(5-15psig) in manifold 40a. Simultaneously with the 
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energization of valve 56a, valve 52a is de-energized to 
:lose the normally closed port (blocking the helium 
pressure) and valve 54a is energized to open conduit 
26a to the lower waste discharge line 44a. In this 
way, the direction of reagent flow is reversed with the 
acetonitrile flowing downward through the column 12a. 
Such reverse flow agitation is continued for a prese- 
lected amount of time, typically 5 to 10 seconds. 

As soon as reactor 12a has been filled with 
acetonitrile and valve 50a de-energized to block flow 
of the reagent to valve 52a, acetonitrile can then be 
introduced into reactor 12b by flow through the two 
common ports of valve 50a to valve 50b. By energizing 
valve 50b, the acetonitrile flows through the normally 
closed port upward through valves 52b and 54b (both of 
which remain de-energized) and into the column 12b. 
The steps for filling and reverse flow agitation in 
column 12b are exactly the same as those just described 
for column 12a. when the filling of column 12b has 
been completed, the filling of column 12c can begin by 
de-energizing valve 50b while simultaneously energizing 
valve 50c. 

After the acetonitrile wash of each column 
12a-12d has been completed, t K remaining steps 1-14 
dencribed in Table 1 of the application can be carried 
out in the same manner. The only changes will be that 
the necessary reagent or wash solution will be derived 
from a different reservoir 32, as appropriate, and valve 
41 ,and conduit 43, the vent port, will not be employed. 
Column 12a may be filled with the desired wash solution 
or reagent while the remaining columns are completing 
the previous processing step. The reagent manifold 
14/17 should, of course, be washed with the appropriate 
wash solution (exiting through waste valve 31 and con- 
duit 30, the vent waste port) prior to a change of rea- 
gent in order to avoid crocs-contamination. 
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Althouqh the foregoing invention has been 
d-jacribed in some detail by w„y of illustration and 
example for purposes of clarity an- understanding, it 
will be obvious that certain change, and modification. 
5 may be practiced within the scope of the appended 
claims . 
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«<ud open «nde deflnin* the access porta and having 
the poroua barrlera ihereacroaa. 

4# A reactor syatea aa claiaed in any preceding 

claim, further includin e a surge voluse between the 
neana for iaolatinc. or blocking and the enda of the 
reactor tone. 

A reector a/stem aa claiaed in any preceding 
data, wherein the aeana for inducing a continuously 
reversing flow of reagents includes aeana for 
•applying a pressurized inert gaa and aeaoa for 
directing the preaeurix.d inert gaa alternately to 
both of said acceaa porta, 

6 ' A reactor ay.t.a aa claiaed in Claim 

wherein the aeana for directing aald preaaurited inert 
coaprla*. . three-way valv. interaediate the inert 
«upply .esaa and each acceaa port of the reactor 
cona * 

7. A reactor ayatea aa claiaed in an/ preceding 

claia, whtrtin the ..ana for isolating or blocking 
include, firat and aecond iaol.tion v. It., e.l.ctiv.ly 
capable of (a) directing reagenta to the r.actor. (b) 
pr...urUi M the reactor, and (c) anting th. r.actor. 
*' A "••tor ayatea aa claia.d la Clala 6, 

wh.r.ia the aeana for iaolating and aeana for inducing 
furth.r include aurga voluae between each isolation 

and tha reactor too., ..id aurg. volua. being at 
l,l,t •* u * 1 t0 tha volua. of th. r.actor ton.. 
9- A r.actor syatea aa claia.d in any pr.c.dlng 

elAia, wn.r.in th. ..an. for blocking or iaolating 
includ.. fir.t and aecond iaol.tion valvea capable of 
selectively directing reagent, to each reactor. 
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«.id r*lr B of reagent* and wash oolutiona each enter 
the aanifold throu 6 h coaaon entry p^rte, aeana for 
aelectively blocking each reactor froa the reagent 
nanifoH, «nd eeana for alternatively pressurizing the 
two opposite endo of each reactor to induct a 
reversing flow of reagents or wash aolutlont 
th.r**.hrough when the reagent aanifold is blocked. 
12 ' A reactor systen as clalaed in either Claia 

10 or 11. wherelo the pairs of reagents sad wash 
solutions are connected to their respective entry 
ports through coaaon valves to assure thst the reagent 
is eospletely waahsd froa the aanifold. 
13# A reactor systea as clalaed in Claia 12, 

wherein each reagent and wash solution pair is 
connected to the aanifold through two valves in s.rl.s. 
14 ' A reactor systea as clalaed in Claia 13, 

"herein the two valves in s.ries includs a two-way 
coaaon port valve connected to the entry port Is the 
r.sg.at .aalfold and a thrtt-w.y valva connected to 
••l.ctiv.ly dir.ct eithsr r.agent or wash solution to 
the tvo-vsy valve. 

15. A reactor systea as clai. d in Claiaa 10 to 
14, wherein the reagent and waah ja.rYolrs art 
cspablt of bting pre.surix.d to indue, flow of reagent 
• nd wash solution, through the asnifold to the reactor 
son. . 

16. A reactor systea as claiaed in Claia 15, 
further including a..n. for selectively pre.surising 
th. r.sg.nt. and wa.h re.ervoirs to d.liv.r reagent 
•nd trash aolutiona to th. reactor ton. through th. 
reagent aanifold. 





; 



•5 • 



C13073S 




«•«■■ ■o\: , ;;:\\;:;::\:;j:: l ':;v" - - 

*• '•••« ■•«•«•« 

»-.»..... ... ,..\, r 1 : r; ' 

« ; , t? 

< .„ , .■ " 

»■«".. ...... „. ,...,.*„ ,„";/:: " 

«•".» I......... """"" ' ' 

•• • «... .» ...... < "»» 

•■' • ...... ..." *• 

•■»»•«.. .... ........ »; 



C130739 

• f, • 



Pr«..uri«i„, both 8f „ eh „, etop 

». * for - ya t h e alzing P .i,. ueu-tl< „ „ 

«... „ „. .>„. t . fle 

,nta ;- ; " - i • "•<-..«, rro. » t0 10ht . 

c >l..d in any on. ,f Cl.i.. i„ to sei. , herelr th , 

..«iii.u.« «.. or „.«„ t . i. lBduc . d 

«. or t,, „. etor , Bl ; h 

fs a ■ • 



